Parkia javanica is a well-known ethno-botanical plant of the north-east region of India. Ethnic communities of the region use several parts, including fruits, of this plant for the treatment of various ailments like diarrhoea, dysentery, cholera, food poisoning etc. In addition fruits are consumed by the local tribes of the north-east as food supplements. With this background we have performed chemical characterisation, and investigated the antimicrobial and antibiofilm potentiality of ethyl acetate fraction of Parkia javanica fruit extract (PJE) against model biofilm-causing microorganism Pseudomonas aeruginosa. PJE was initially prepared from fruit extract, and assayed by IR and UV spectroscopy and HPLC to confirm the presence of compounds. HPLC and NMR analysis reveals that PJE contains flavone compounds baicalein, quercetin and chrysin. PJE, baicalein, quercetin and chrysin were then tested for antimicrobial and antibiofilm activity against P. aeruginosa. PJE showed very significant antimicrobial activity against P. aeruginosa wherein the minimum inhibitory concentration was found at 180 mg mL
Introduction
Biolm can be represented as a cluster of microorganisms embedded in self-secretory extracellular polymeric substances.
Several bacteria develop biolm as an alternative survival strategy for their growth and development. Pseudomonas aeruginosa, an efficient biolm-forming Gram-negative bacterium, oen forms biolm during virulence exhibition and disease progression.
1 It has been observed that Pseudomonas aeruginosa causes several serious pathogenic manifestations in human hosts like urinary tract infection, skin infection, lung infection etc. which may even be life-threatening. 2, 3 Antibiotics are routinely used to control Gram-positive as well as Gramnegative pathogenic microbial growth and survival. But recently it has been observed that biolm-forming bacterial strains develop antibiotic resistance very fast. 4 Thus, the treatment of microbial biolm with conventional antibiotics becomes troublesome. Therefore, the uses of new antibacterial and antibiolm compounds have drawn more attention in order to prevent microbial growth and biolm formation. 5 In this context, it has been reported that plant-derived extracts oen exhibit good antibacterial and antibiolm properties against a range of microorganisms. 4, 6 The north-eastern region of India including Tripura is rich in higher biodiversity with some rare and endangered taxa. The north-eastern region represents about 50% of the total plant species of India. 7 Thus, the potentialities of ethno-medicinal plants provide a strong platform to explore efficient phytochemical bioactive compounds obtained from them. 8 Parkia javanica is a leguminous plant found in mainly South East Asian countries including the north-east part of India. 9 The fruits of this plant are very popular for preparing traditional medicines among the locals. The local people used to take these fruits (raw or cooked) with local spices such as garlic, chilli pepper and dried shrimp to enhance the aroma. The fruits are also used traditionally to treat diseases such as diabetes, kidney pain and cholera. Various parts of this plant like the bark and leaves are also efficiently used by the people of Manipur for curing various ailments like diabetes, intestinal disorders, bleeding piles, diarrhoea and dysentery. 9 Similarly, the tribes of Tripura use different parts of the plant to treat stomach ache and cholera. 10 The tribes of Mizoram also use the green portion of the fruit and leaf of this plant to treat wounds, scabies, diarrhoea, dysentery and food poisoning. 11 To date, no work has been done to explore the potentiality of Parkia javanica as an antibiolm agent against disease-causing microorganisms. Therefore, the current study is an effort to investigate the antimicrobial and antibiolm activity of ethyl acetate fraction of Parkia javanica fruit extract (PJE) using Pseudomonas aeruginosa as a model organism. In addition, three avone compounds, namely baicalein, quercetin and chrysin, were identied in the PJE. Experimental results on antibiolm activity of PJE were further substantiated by in silico analysis of binding of baicalein, quercetin and chrysin with biolm-associated target proteins.
Materials and methods

Plant material and chemicals
Fruits of P. javanica were purchased from a local market of Agartala, West Tripura in the month of January-February 2010 and again in 2011. The fruits and hence plant were independently identied by Dr N. K. Chakraborty (Retd Prof. of Botany, MBB College, Agartala) and by Dr B. K. Datta (Professor, Department of Botany, Tripura University). A voucher specimen (UD/Agt/2010/520) has been preserved in the herbarium house of the botany department, Tripura University. Solvents used in the chromatographic separation were purchased from Merck, India. All bacterial media were purchased from Himedia, India. Puried baicalein, quercetin and chrysin were purchased from Sigma, India.
Preparation of extracts
Fresh air-dried semi-powdered fruits (2 kg) were extracted with MeOH (4 L Â 3) and ltered. Filtrate was then concentrated to obtain a semisolid mass (365 g). It was then suspended in H 2 O (ca. 250 mL), defatted with hexane and then successively partitioned with CHCl 3 , EtOAc and n-butanol. The n-butanol extract (5 g part of total 75 g) was subjected to reverse phase column chromatography (CC) over Diaion HP-20. The column was eluted with a range of gradient eluents, viz. H 2 O, H 2 OMeOH (4 : 1 to 1 : 5) and MeOH (500 mL each). Each 50 mL fraction was collected and concentrated under reduced pressure and monitored by TLC. Fractions eluted with H 2 O-MeOH (1 : 4) exhibiting identical TLC patterns were mixed and concentrated to an oily mass (1.2 g). This oily mass was again subjected to normal CC over silica gel and eluted successively with EtOAc (10-90%) in petroleum ether (500 mL for each) and nally with EtOAc-MeOH gradient system. The fractions of methanol in ethyl acetate (5-10% MeOH in EtOAc) were almost similar in composition on TLC. These were mixed together to obtain a deep brown coloured semisolid mass (0.5 g) designated as PJE and showed remarkable antibiolm activity compared to the other fractions. Three components have been identied as chrysin, baicalein and quercetin in this fractionated extract though some minor unidentied components were also present.
High performance liquid chromatographic (HPLC) analysis
HPLC analysis was conducted with a Dionex UltiMate 3000 Rapid Separation LC (RSLC) system (Thermo Fisher Scientic Inc., MA, USA). Compounds were separated on a C18 (4.6 Â 250 mm; 5 mm) column (Dionex, USA) at room temperature. Data acquisition, peak integration, and calibrations were accomplished using Dionex Chromeleon soware (Version 6.80 RS 10). An isocratic elution was programmed with 20% MeOH and 80% water for 30 min, ushing and post-run equilibration of the column with 100% MeOH for 5 min. The ow rate was kept constant throughout the analysis at 1 mL min À1 and the injection volume was 20 mL. For detection of the compounds; the UV detector was adjusted at 254, 280 and 320 nm. Chromatogram of the extract was found to contain peaks for some polyphenolics like baicalein, quercetin and chrysin (compared with standard sample) along with some minor unidentied components having retention times very close to each other.
Ultraviolet (UV), Fourier transform infrared (FTIR) and nuclear magnetic resonance (NMR) spectrophotometric analysis
Spectrophotometric analysis of PJE was done to determine qualitatively the presence of several functional groups. UVvisible spectrophotometric analysis (in MeOH, c ¼ 0.1 mg mL À1 ) was conducted in the wavelength range 200-800 nm using a UV-visible spectrophotometer (PerkinElmer). UV spectrum of PJE showed characteristic peaks for phenolic OH and a,b-unsaturated carbonyl (pCO-CH]C). Further, FTIR analysis was also done to identify the characteristic functional groups in the extract (PJE). A small quantity (2 mg) of dry, nely divided, extract was dispersed into a small, clean mortar with 200 mg of dried, spectrophotometric-grade KBr. The mixture was thoroughly ground and mixed rmly and vigorously for several minutes using a clean pestle. The mixture was then placed in a stainless steel die and 8 tons pressure was applied for 3 min under a hydraulic press to form a KBr thin disc. The pressed KBr disc was then transfer to the disc holder for FTIR analysis. The FTIR spectrum was obtained using a PerkinElmer 2000 infrared spectrometer. The sample was scanned from 4000 to 400 cm À1 for 16 times to increase the signal to noise ratio.
Each and every analysis was repeated four times for the spectrum conrmation. FTIR spectra also corroborated the presence of phenolic -OH, carbonyl (pCO) and olenic (pC]C) functionalities along with aromatic rings. 1 H-NMR spectroscopy of the PJE was also carried out to detect the presence of compounds and possible functional groups in the crude plant extract.
1
H-NMR spectra of PJE in DMSO-d 6 were recorded with a Varian XL-400 NMR spectrometer. Chemical shis were recorded as d (ppm) with tetramethylsilane (TMS) as an internal standard. The resulting spectra were compared with the reference and possible chemicals present in the PJE were determined.
12-14
Microbial strain
In the current investigation, Pseudomonas aeruginosa MTCC 2488 (P. aeruginosa) was selected as test organism and tryptic soy broth (TSB) medium was used for the cultivation of the bacteria. Initially bacteria were streaked from a À80 C glycerol stock onto tryptic soy agar plate and a fresh single colony was inoculated into 25 mL TSB medium and incubated at 37 C for 24 h. From there, 10 6 CFU mL À1 bacterial cell suspensions were taken for all subsequent experiments.
Determination of antibacterial susceptibility
Disc diffusion method using the Bauer-Kirby technique 15 was employed for determination of zone of microbial growth inhibition as per recommendation of National Committee for Clinical Laboratory Standards. 16 The extent of antibacterial susceptibility of PJE was expressed in millimeters by measuring the diameter of zone of inhibition. Briey, paper discs of 4 mm in diameter soaked with different concentrations of PJE, baicalein, quercetin and chrysin were placed on an agar plate overlaid with so agar (0.7%) that was previously inoculated with P. aeruginosa. The plate was then incubated at 37 C for 48 h. Aer the incubation, the diameter of the clear zone (mm) around the disc was measured which indicates the antibacterial sensitivity.
Determination of minimum inhibitory concentration (MIC)
MICs of PJE, baicalein, quercetin and chrysin against P. aeruginosa were determined by using standard broth microdilution assay. 17 Briey, 50.0 mL of 10 6 CFU mL À1 bacterial cell suspensions were taken in microplate wells and to those were added 50.0 mL of PJE, baicalein, quercetin and chrysin of different concentrations to attain nal concentrations of 5 to 300 mg mL À1 . The microplate was then incubated at 37 C for 48 h.
Aer the incubation period, the MIC was determined by a microplate reader (Synergy H1 hybrid reader, Biotek). The MIC represents the lowest concentration which produces almost no absorbance at 600 nm. In order to analyse the predicted antibiolm activity of the three investigated compounds baicalein, quercetin and chrysin from PJE, molecular docking analyses were performed. The 3D structures of baicalein (CID: 5281605), chrysin (CID: 5281607) and quercetin (CID: 5280343) were derived from PubChem.
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The tertiary structures of quorum sensing and motility related proteins of P. aeruginosa were derived from Protein Data Bank
23
and the proteins for which crystal structures were not available were subjected to automated homology modelling using Phyre2. 24 The PDBQT les for all protein and ligands were prepared using AutoDockTools suite 25 and docking was performed using the AutoDock Vina 26 tool. The protein-ligand complexes were visualised graphically using PyMOL 27 and interactions were plotted using LigPlot+. ]. An aliquot of 2 mL of overnight culture either treated or untreated with sub-MIC doses of PJE was point-inoculated in the centre of the plate, the spot dried for 20 min at room temperature and plates incubated for 48 h at 37 C. Diameter of circular bacterial growth from the point of inoculation was used to measure the swarming motility of bacteria. 
Azocasein-degrading proteolytic activity of P. aeruginosa
To determine the amount of protease released by P. aeruginosa, the bacteria were incubated as per the biolm inhibition assay. The proteolytic activity in the cell-free supernatant of P. aeruginosa was determined according to the method of Kessler et al. 30 with minor modications. Briey, pre-incubated cells were collected, centrifuged at 10 000 rpm for 5 min and the clear supernatant was collected. 150 mL cell-free clear supernatant was added to 1 mL of 0.3% azocasein prepared in 0.05 M Tris-HCl (pH 7.5) and the reaction mixture was incubated at 37 C for 15 min. Aer incubation, the reaction was stopped by the addition of 10% trichloroacetic acid. Thereaer, the reaction mixture was centrifuged again at 10 000 rpm for 5 min to obtain a clear supernatant. Absorbance of clear supernatant was then measured at 400 nm (Shimadzu, Japan). Thus degraded azocasein from each pre-incubated well was measured with respect to untreated control. 29 2.16 Pyoverdin secretion assay P. aeruginosa was separately grown in TSB media containing different sub-MIC doses (90 mg mL
À1
, 60 mg mL À1 and 30 mg mL À1 ) of PJE and incubated at 37 C for 48 h. Thereaer, each culture medium was centrifuged at 10 000 rpm for 15 min, and the cell-free supernatant was collected. Extent of pyoverdin production in PJE-treated and untreated culture supernatant was then measured using a uorescence spectrophotometer at an excitation wavelength of 405 nm and an emission wavelength of 465 nm. 31 
Pyocyanin quantication assay
The pyocyanin quantication assay was performed according to the method described by Essar et al. 32 Briey, P. aeruginosa was incubated in presence and absence of sub-MIC doses (90 mg mL À1 , 60 mg mL À1 and 30 mg mL À1 ) of PJE at 37 C for 48 h.
Thereaer, the culture media were centrifuged at 10 000 rpm for 15 min and the cell-free supernatant was collected. A 5 mL culture supernatant was extracted with 3 mL of chloroform and then re-extracted into 1 mL of 0.2 N HCl to get an orange yellow to pink coloured solution. The absorbance of this solution was measured at 520 nm. Concentration of pyocyanin released per millilitre of culture supernatant was determined by multiplying the absorbance at 520 nm by a factor of 17.072. 32 2.18 Determination of particle size of PJE by atomic force microscopy Several dilutions of PJE, viz. 90 mg mL À1 , 60 mg mL À1 , 30 mg mL À1 , were prepared in DMSO. 10 mL from each dilution were spread over a clean dry glass coverslip as thin lm and allowed to dry at 37 C for 1 h. Films were then analysed by an atomic force microscope (Bruker-Innova) rst at 10 mm scale and gradually up to 4 mm scale at a scanning speed of 1 Hz. All images were obtained with a resolution of 512 Â 512 pixels. From the observed images, size distributions of particles were measured. 33 
Contour plot
To establish the relationship between biolm inhibition (%), reduction in motility (%) with pyocyanin inhibition (%), a contour plot was constructed by Minitab 16. A contour plot is a graphical technique for representing a 3-dimensional surface by plotting constant Z slices, called contours, in a 2-dimensional format. That is, a given value for Z lines are drawn for connecting the (x, y) coordinates where that Z value occurs.
Statistical analysis
All experiments were performed in triplicate. Data were presented as mean AE standard deviation. Signicance level was determined by using one way ANOVA and level of signicance was represented as P value < 0.01 (denoted with *), P value < 0.001 (denoted with **) and P value < 0.0001 (denoted with ***). Statistical analyses were performed using Graph Pad Prism 6.0 soware (GraphPad, CA, USA).
Results
Identication of presence of compounds in PJE by UVvisible, IR and NMR spectroscopy and HPLC
Aer preparation of the extract (PJE), we measured the absorption spectrum of the ethyl acetate fraction between 200 nm and 800 nm wavelength. The result showed several absorption peaks particularly in the UV region (Fig. 1A) indicating the presence of different chromophoric groups like a,bunsaturated carbonyl, olenic and phenolic -OH etc. Presence of these functional groups in PJE was further supported through the detection of characteristic infrared absorption frequencies and was done by subjecting PJE to FTIR analysis. The FTIR spectrum showed peaks corresponding to hydroxyl (3409 cm À1 )
and carbonyl (1690 cm À1 , a,b-unsaturated) functional groups in the PJE (Fig. 1B) . Thus the spectroscopic analysis revealed the presence of several compounds having diverse functional groups in the PJE which may exhibit different biological activities. In fact, the fractionated extract (PJE) of the P. javanica fruits was found to contain three known avonoids, viz. baicalein, quercetin and chrysin, as determined by HPLC analysis of the extract and comparison with chromatograms of standard baicalein, quercetin and chrysin. HPLC chromatogram (Fig. 2 ) of the extract of PJE was found to contain several peaks ( Fig. 2A ) marked as a, b, c, d and e. Among these b, c and e are the peaks corresponding to major compounds present in higher quantities. Through running puried compounds we have observed that peaks (retention time in X axis and peak height in Y axis) of pure baicalein (Fig. 2B) 
Evaluation of antimicrobial activity of PJE against P. aeruginosa
The antimicrobial activity of PJE against P. aeruginosa was assessed by the disc diffusion method in an agar plate. It was observed that the radius of inhibited zone was increased considerably with an increase in the amount of PJE (Fig. 3A) . Results showed that PJE exhibits considerable antimicrobial activity against P. aeruginosa and the MIC value was found to be 180 mg mL À1 . Considering the value of MIC, we selected 90 mg can be applied to examine their effect on biolm formation. In addition we also checked the effect of all selected sub-MIC doses of baicalein and chrysin on growth kinetics of P. aeruginosa. Here also we have observed that all these selected doses do not lead to growth inhibitory effect and thus do not alter the growth pattern of bacterial cells (data not shown).
Attenuation of P. aeruginosa biolm formation by sub-MIC doses of PJE, baicalein and chrysin
The antibiolm property of PJE, baicalein, quercetin and chrysin against P. aeruginosa was investigated by estimation of biolm through safranin staining, measurement of biolm Consistent with the result obtained from safranin staining assay, protein extraction assay also showed a similar inversely proportional activity with increase in concentration. It was observed that in comparison with the untreated control, all selected sub-MIC doses (90 mg mL À1 , 60 mg mL À1 , 30 mg mL À1 )
of PJE exhibited signicant reduction in total protein that was extracted from adhered microbial population on the well surface [ Fig. 4B(i) [ Fig. 5A (ii)], quercetin at 100 mg mL À1 gave maximum 32.35%
[ Fig. 5A (ii)] and chrysin at 25 mg mL À1 gave maximum 16.8%
[ Fig. 5A (ii)] inhibition of biolm total protein. It was also observed that comparatively higher doses of baicalein (Fig. 5B) , quercetin ( Fig. 5B) and chrysin ( Fig. 5B) showed less biolm attenuation.
To further support biolm inhibition by sub-MIC doses of PJE (Fig. 4C), baicalein (Fig. 5B), quercetin (Fig. 5B) and chrysin (Fig. 5B) , we observed the extent of microbial biolm formation over cover slip surfaces under a uorescent microscope. The result showed that all selected sub-MIC doses of PJE exhibited signicant to moderate reduction in microbial biolm formation whereas sub-MIC doses of baicalein, quercetin and chrysin exhibited moderate reduction in microbial biolm formation. In this case maximum biolm attenuation was observed aer treatment with 30 mg mL À1 of PJE and minimum biolm attenuation was observed aer treatment with 90 mg mL À1 of PJE (Fig. 4C ). In the antibiolm . (B) Growth rate measurement of P. aeruginosa in presence of several doses of PJE with respect to untreated control. Observed result depicts that the growth rate of P. aeruginosa with sub-MIC doses remains unaltered similar to untreated control.
Fig. 4 Antibiofilm activity evaluation of PJE against P. aeruginosa. [A(i)] Antibiofilm activity of PJE at sub-MIC doses (90 mg mL
À1 , 60 mg mL À1 and 30 mg mL À1 ) was determined against P. aeruginosa by safranin staining assay. Result shows inverse dose-dependent attenuation of biofilm where 30 mg mL À1 shows maximum activity. [A(ii)] Biofilm inhibition (%) of P. aeruginosa at sub-MIC doses (90 mg mL À1 , 60 mg mL À1 and 30 mg mL À1 ) of PJE with respect to untreated control. [B(i)] Total extractable protein concentration from biofilm was estimated to support the observation from safranin staining assay. [B(ii)] Attenuation in P. aeruginosa biofilm total protein (%) at sub-MIC doses (90 mg mL À1 , 60 mg mL À1 and 30 mg mL À1 ) of PJE with respect to untreated control. (C) Live cells in biofilm after PJE treatment were visualised under fluorescence microscope after acridine orange staining. Images depict that 90 mg mL À1 (ii), 60 mg mL À1 (iii) and 30 mg mL À1 (iv) concentrations exhibit inverse dose-dependent attenuation of biofilm with respect to untreated control (i) and in comparison with biofilm attenuation by 10 mg mL À1 TBM (v). Maximum and minimum dispersions of cells from biofilm were observed with 30 mg mL À1 and 90 mg mL À1 concentrations respectively. Images were obtained from 20 different fields and three independent experimental sets. Images were captured at emission maximum of 525 nm (green) where scale was set at 50 mm. Statistical analysis was performed using Student's t-test. P value < 0.05 (denoted with *), P value < 0.005 (denoted with **) and P value < 0.0005 (denoted with ***) were considered to express significance level as compared to the untreated control (n ¼ 3). activity assay we used tobramycin as standard drug against which activities of PJE, baicalein, quercetin and chrysin were evaluated. In these studies percentage biolm and total protein inhibition were calculated with respect to untreated control.
Binding analysis of baicalein, quercetin and chrysin with quorum sensing associated proteins from P. aeruginosa
We performed docking analyses for baicalein, quercetin and chrysin against the biolm activity related proteins of P. aeruginosa. The tertiary structures of LasA (PDB ID: 3IT7), LasI (PDB Fig. 5 Antibiofilm activity of baicalein, chrysin and quercetin [A(i)] against P. aeruginosa. To validate moderate antibiofilm activity of baicalein, chrysin and quercetin, biofilm associated total protein was quantified with respect to untreated control [A(ii)]. Statistical analysis was performed using Student's t-test. P value < 0.05 (denoted with *), P value < 0.005 (denoted with **) and P value < 0.0005 (denoted with ***) were considered to express significance level as compared to the untreated control (n ¼ ID: 1RO5) and LasR (PDB ID: 3JPU) of las operon and of PilT (PDB ID: 3JVV) and PilY1 (PDB ID: 3HX6) proteins of pil operon were retrieved from the PDB database. As no structures were available for PilA, PilB and PilC proteins, they were modelled using Phyre2. 24 PilA and PilC protein sequences resulted in protein models with very low condence score, so the structures were discarded. PilB protein was modelled with good condence score using template protein MsrB (PDB ID: 2K8D) from Methanothermobacter thermoautotrophicus str. DeltaH and was used for docking analysis. The coordinates for docking studies were obtained from the residues interacting with the native ligands of these proteins. For the homology modelled structures the coordinates of the residues corresponding to the homologous ligand interacting residues of template proteins were used. Aer docking baicalein, quercetin and chrysin with these proteins we have observed that all the proteins of las and pil operon have binding affinity for all three compounds. LasR (PDB ID: 3JPU) has highest binding affinity for baicalein and chrysin (Table 2) while PilT (PDB ID: 3JVV) has highest binding affinity for quercetin. In the case of LasA, LasR and PilT (Fig. 6A, B, D, F, 7A , B, D and F), baicalein and chrysin acquired the same binding pocket as that of native ligand, while for LasI, PilB and PilY1 (Fig. 6C , E, F, 7C, E and F) both compounds have different binding location from the native ligands. Quercetin acquired the same binding pocket as that of native ligands for LasA, LasI, LasR, PilT and PilY1 (Fig. 8A-D , F and G) but acquired a different binding pocket for PilB (Fig. 8E) ( Table 2 ). The interactions between all the proteins and ligands were retained aer energy minimization (Fig. 6-8 ).
Reduction in swarming motility aer PJE treatment
As the constituent compounds in PJE exhibited very much lower antibiolm activity than crude PJE itself, PJE was further explored for its effect on bacterial virulence property. We have observed that the swarming motility was minimally and maximally inhibited when the bacterial cells were treated with 90 mg mL À1 [ Fig. 9 (ii)] and 30 mg mL À1 [ Fig. 9(iv) ] concentrations of PJE respectively in comparison to untreated control [ Fig. 9i ].
Whereas treatment with 60 mg mL À1 of PJE exhibited intermediate attenuation of P. aeruginosa swarming motility [ Fig. 9(iii) ]. Consistent with the biolm inhibition results, the swarming motility inhibition by PJE also followed the same trend in motility diameter (Table 3) . To establish the relation between biolm formation ability and swarming motility of the bacteria, we measured the correlation coefficient between these two variables and the result was found to be +0.992. This result suggests that swarming motility and biolm formation are strongly correlated which indicates that when the swarming motility increases, biolm formation also increases and vice versa.
Reduced secretion of P. aeruginosa virulence factors upon PJE treatment
In this present work we measured the secretion of bacterial virulence factors like proteases, pyoverdin and pyocyanin upon treatment with PJE. The result of azocaseinolytic protease assay showed that in comparison to the PJE-untreated cells, PJEtreated microbial cells exhibited reduced level of protease activity wherein the proteolytic activity was maximally and minimally inhibited by 30 mg mL À1 and 90 mg mL À1 concentrations respectively [ Fig. 10A(i) ]. Upon calculation of percentage inhibition it was found that 30 mg mL À1 of PJE gave a maximum 64.13% inhibition in release of proteases by P. aeruginosa [ Fig. 10A(ii) ]. In comparison to the PJE-untreated microbial cells, PJEtreated cells produce lesser amounts of pyoverdin (Fig. 10B) and pyocyanin (Fig. 10C) Fig. 10C(ii) ]. All results of virulence factors showed that all the tested sub-MIC doses of PJE exhibited signicant reduction in virulence property compared to the extent of virulence factors produced by the PJEuntreated bacterial cells. We have also observed that the virulence factor secretion from the bacteria was maximally and minimally inhibited when the bacteria were treated with 30 mg mL À1 and 90 mg mL À1 concentrations of PJE respectively.
To establish the relation among microbial biolm formation, swarming motility and virulence factor (pyocyanin) production by the microorganism under PJE treatment, we have constructed a contour plot among these three variables (biolm inhibition (%), attenuation in swarming motility (%) and inhibition of pyocyanin (%) release) (ESI Fig. 2 †) . Experimental results showed that the pattern of microbial biolm inhibition, inhibition in swarming motility and inhibition in pyocyanin (as virulence factor) release responds similarly with a decrease in PJE concentration. Thus the contour plot explains that when the organism gradually loses its biolm-forming potentiality, simultaneously the organism loses the swarming motility and virulence factor production capacity as well.
Detection of nano-sized particles by atomic force microscopy
To explore the underlying cause of the inverse dose-dependent antibiolm activity, we determined the size distribution of molecules present in 90 mg mL À1 , 60 mg mL À1 and 30 mg mL
À1
concentrations through atomic force microscopy. It was observed that 90 mg mL À1 concentration has much larger particles [ Fig. 11(i) ] than 60 mg mL À1 concentration where average particle size was 210 nm in height [ Fig. 11(ii) ]. For 30 mg mL À1 concentration, particle size of all compounds was within 85 nm whereas average particle height was 55 nm [ Fig. 11(iii) ]. Also, widths of all these particles were proportionally reduced with height of the particle. This indicates that for 30 mg mL À1 concentration, aggregation size of compounds was the smallest, but, with increase in concentration, the aggregation of compounds increases in size accordingly.
Discussion
It has been reported in much literature that a biolm is strongly associated with the drug resistance property of an organism. 6 In this context it is noteworthy that eradication of biolm is oen considered to be a difficult task, and therefore the use of plant products to inhibit biolm may be a viable alternative. Different solvent fractions of plant extracts are known to have antimicrobial and antibiolm activity against a wide range of pathogenic organisms. 4, 6 The traditional use of different parts of Parkia javanica including fruits is already known to have therapeutic potentiality against diabetes, renal dysfunction, cholera and several other infections.
10,11 Thus we hypothesize that the ethyl acetate fraction of methanolic fruit extract of this plant may exhibit antibacterial and antibiolm activity against P. aeruginosa.
Initially UV-visible and FTIR spectroscopic analysis reveals the presence of several compounds with diverse functional groups in PJE. Further presence of baicalein, quercetin and 9 Investigation of inhibitory effect of PJE on swarming motility of P. aeruginosa. Upon treatment with 90 mg mL À1 (ii), 60 mg mL À1 (iii) and 30 mg mL À1 (iv) sub-MIC doses of PJE, swarming motility of P. aeruginosa was significantly inhibited with respect to untreated control (i). With PJE treatment, maximum inhibition was observed after treatment with 30 mg mL À1 dose. 10 mg mL À1 of tobramycin was used as reference standard (v).
baicalein, quercetin and chrysin against P. aeruginosa. The ability of a compound to diffuse in an agar plate depends on various properties like polarity, viscosity etc. which can inu-ence considerably its antimicrobial activity in a plate assay. To overcome the solubility and diffusion of PJE on agar medium, MIC was determined. Antibiolm activity was then studied with different sub-MIC doses which were selected because at these concentrations compounds do not affect the normal growth kinetics of the organism. Rather sub-MIC doses can modulate bacterial biolm formation.
It was reported that microbial biolm formation plays an important role for bacterial survival and exhibition of virulence. Therefore, a successful reduction in biolm formation can be a potential strategy for the management of disease progression and elimination of a pathogen. 4, 6 In this context, we have assessed the antibiolm property of PJE, 34 baicalein, 35 quercetin 36,37 and chrysin 38 against P. aeruginosa. Flavone compounds were reported to have antibacterial and antibiolm activity against bacteria.
17,39
As baicalein, quercetin and chrysin are avone compounds, thus we have assessed their antibiolm effect against the Gram- . Statistical analysis was performed using Student's t-test. P value < 0.05 (denoted with *), P value < 0.005 (denoted with **) and P value < 0.0005 (denoted with ***) were considered to express significance level as compared to the untreated control (n ¼ 3).
negative bacterium P. aeruginosa. To compare the bacterial population size in biolm, we have determined the total extractable protein from the adhered microbial population on the well surface (see Materials and methods). Total extractable protein has been considered as an efficient strategy to measure biolm biomass. A higher extractable protein concentration means higher microbial biomass in biolm and vice versa. To further support the effect of PJE on biolm formation, we have compared the extent of microbial biolm formation on cover slip surfaces. Thus we have found that PJE at 30 mg mL À1 dose exhibits significant antibiolm activity whereas baicalein, quercetin and chrysin individually exhibit very much lower to moderate antibiolm activity. In this case each individual avone compound also shows higher activity at comparatively lower doses. This reverse dosedependent effect of PJE may be considered as a result of synergic action of all compounds in diffusion or else alteration in properties like polarity, viscosity etc. to exhibit an antibiolm effect. Further, to understand the binding affinity of baicalein, quercetin and chrysin with biolm associated proteins of P. aeruginosa we have performed in silico molecular docking. Binding affinity prediction showed that all three of these compounds interact with the biolm associated proteins LasA, LasI, LasR, PilB, PilT and PilY1. Their affinity for pilus biogenesis factor PilY1 (ref. 40 ) and other mbrial assembly related proteins PilT and PilB indicate that these compounds may impair the pilus assembly, and therefore the twitching motion and intercellular interaction among the bacteria. Their strong interactions with the las operon associated proteins may also be a reason for the disruption of biolm formation activity of bacteria. The binding affinity study reveals that baicalein, quercetin and chrysin exhibit attenuation of P. aeruginosa attachment and colonisation, which leads to attenuation of biolm. As a whole, the antibiolm activity study suggests that because of the presence of several compounds, PJE exhibited signicant antibiolm activity which is very much higher than the antibiolm activity of the individual compounds baicalein, quercetin and chrysin.
To investigate the underlying mechanism of the microbial biolm modulation by PJE, we have measured the swarming motility of both PJE-treated and untreated cells. Swarming motility is an important attribute of P. aeruginosa which enhances the translocation speed and promotes better colonization of a surface. 6 It was reported that higher swarming motility facilitates microbial biolm formation efficiently.
41 Any interference with the swarming motility of an organism is known to affect the biolm formation property considerably. 42 Thus, in the present study, we hypothesize that biolm inhibition by PJE could be attributed to the interference or reduction in bacterial swarming motility along with other virulence factors.
Existing literature documents that microbe-mediated pathogenesis is oen associated with biolm formation as microorganisms in biolm secrete several virulence factors.
43
Virulence factors are known to play an important role during invasion of microorganisms into hosts. P. aeruginosa secretes a range of virulence factors including several proteases, pyoverdin, pyocyanin etc. facilitating disease progression. 31 Proteases are hydrolytic enzymes that affect the proteins of host cells (infected tissue), thereby facilitating bacterial invasion and growth into host cells. Azocasein is a sensitive substrate for proteases where hydrolysis of the casein releases azo dye into the media which can be detected by measuring the absorbance at 440 nm. 44 Pyoverdin and pyocyanin are types of virulence factors (siderophores) expressed by several Gram-negative bacteria including P. aeruginosa. Pyoverdin promotes bacterial growth through improving iron availability which renders an infected host cell in an iron-decient condition. 4 Pyocyanin is the blue-green secondary pigment produced by P. aeruginosa.
32
Pyocyanin can kill mammalian cells by targeting a wide range of cellular components and pathways including electron transport chain, vesicular transport and cell growth. 32 Thus, in the current study we have measured the pyoverdin and pyocyanin production efficiency of PJE-treated and untreated cells. To graphically represent the relationship among microbial biolm formation, swarming motility and virulence factor (pyocyanin) production by the microorganism under PJE treatment, we have constructed a contour plot. A contour plot is a graphical approach for representing a 3-dimensional surface by plotting constant Z slices, called contours, in a 2-dimensional format. Thus, the contour plot depicts change in Z dimension with respect to X and Y dimension.
To explore the underlying cause of the reverse dosedependent antibiolm activity, we have determined the size distribution of molecules present in 90 mg mL À1 , 60 mg mL
À1
and 30 mg mL À1 concentrations through atomic force microscopy. Here we found that particle sizes are smallest in 30 mg mL À1 (less aggregation) and biggest in 90 mg mL À1 (more aggregation) concentration. This is a unique property of nanosize compounds to form bigger aggregates at higher concentration. 45 But how these nanoparticles were formed with Fig. 11 Particle size determination of compounds in selected sub-MIC doses of PJE by atomic force microscopy. From the result it was observed that in 90 mg mL À1 concentration (i) much bigger clusters of compounds were observed, in 60 mg mL À1 concentration (ii) the compounds formed crystal clusters with average diameter of 210 nm and in 30 mg mL À1 concentration (iii) particle size of all compounds was within 85 nm.
dilution is not known to us, which will need further study of size reduction. Formation of bigger size aggregates may reduce bacterial membrane permeability which in turn may reduce the bioactivity as well. 45 Thus PJE at 30 mg mL À1 concentration exhibits higher biolm attenuation in comparison with higher concentrations. The mechanism of particle size reduction of plant extract with dilution has not been reported yet. But higher bioactivity due to smaller nano-sized particles at lower concentration of compounds has already been reported in the literature. [45] [46] [47] In our present investigation, the size distribution study reveals that with dilution up to 30 mg mL À1 concentration, smallest nano-sized particles were formed. And likewise due to free nanoparticles, the 30 mg mL À1 concentration exhibited increased antibiolm activity.
In a nutshell, we can conclude that PJE has antimicrobial properties at MIC levels whereas at sub-MIC doses it exerts signicant inhibition of biolm formation along with reduced production of virulence factors in an inverse dose-dependent manner. In addition PJE contains avonoids like baicalein, quercetin and chrysin which also exhibit a moderate antibiolm effect mediated through bacterial attachment and colonisation. Strategies for diminishing the development of biolm and secretion of several virulence factors through changes in metabolic activity could serve as important steps towards management of infections. Thus the results of the present study of the ethyl acetate fraction of Parkia javanica fruit extract indicate that it may be explored as an antibiolm agent against various Gram-negative organisms for overcoming biolm-related pathogenesis.
